Planting spacing is the systematic evaluation of the farm area or any growing surface for crop production. In order to study the effect of varying planting patterns in two garlic (Allium sativum L.) cultivars, an experiment was carried out as a factorial design based on randomised complete block design with three replications in the farm of Gonbad-e-Kavous University during 2016-2017. The factors consisted of seven planting spacing (12
Introduction
The long cultivation history of the Allium family has led to a wide range of cultivars belonging to different species (Golubkina et al., 2015) , which serve as a food source, ornamentals and also incorporated into therapeutic products (Hsiao, 2016) . Garlic is propagated by means of cloves and this vegetative propagation leads to infection by several viruses, which are called garlic viral complex (Manjunathago Wda et al., 2017) .
Garlic is a medicinal plant in Iranian traditional medicine and its antimicrobial effects on food borne pathogens seem essential (Misaghi et al., 2016) . This species is an essential vegetable that has been widely utilised as seasoning, flavouring, culinary and in herbal remedies as it is well known to contain an array of phytochemicals. Garlic is beneficial for its content of manganese, selenium, calcium, vitamins B1 and B6, tryptophan and protein (Suleria et al., 2015) . According to the data provided by the Food Agricultural Organisation garlic yield in Iran is 12,016,600 kg ha -1 and its cultivation area is 4514 ha (FAO, 2016) .
Sustainable and resilient agricultural systems are needed to feed a growing human population. However, the current model of agricultural intensification which produces high yields has also resulted in a loss of biodiversity, ecological function and critical ecosystem services in agricultural landscapes (Landis, 2017) . Different planting spacing within the row is practiced in both single and multiple rows pattern, depending on the characteristics and requirement of the crop, particularly its canopy expansion (Hetet et al., 2017) . Ecological intensification, using land and resources in ways that minimise negative ecosystem impacts while maintaining agricultural productivity, has been proposed as a way to sustainably increase crop yields, but it remains under debate due to a lack of evidence (Pywell et al., 2015) .
Planting density is one of the main factors that have an important role on growth, yield and quality of onion (Sekara et al., 2017) . And it is important to accommodate the most appropriate number of plants per unit area of soil to obtain optimal yield as a consequence of the appropriate intensity and distribution of light within the vegetation (Fathi, 2006) . Yield and quality of bulbs can be influenced by cultural practices and growing environments. The control of plant spacing is one of the cultural practices to control yield (Geremew et al., 2010) . According to Jamroz et al. (2001) garlic responds best to a total yield (14,166 kg/ha), were recorded with plant spacing of 8 cm between 4, 12 and 16 cm. Singh et al. (1990) studied six plant spacing that included: 30×30, 30×45, 30×60, 45×45, 45×60 and 60×60 cm. They found that the highest planting density 30×30 cm gave a significantly higher yield.
In the view of this background the present was undertaken with the aim of exploring opportunities to maximise garlic productivity through the choice of appropriate planting spacing and cultivars. 
Materials and methods
The experiment was conducted at the experimental farm of Gonbad-e-Kavous (Golestan province, Iran) (37° 16′ N latitude, 55° 12′ E longitude of 45 m above sea level) in the years 2016-2017. The experimental protocol was based on the factorial combination between seven planting pattern (12.5×12.5, 15×15, 17.5×17.5, 20×20, 22.5×22.5, 25×25 and 27.5×27.5 cm) and two cultivars (Tarom and Hamedan). Monthly temperature and rainfall data of the trial site during the experiment periods are shown in Table 1 .
The research was carried out on a clay-loam soil with EC 1.3 dS·m -1 , pH 7.7 and organic matter 1.44%, which was ploughed and disked prior to cloves planting on 23 December 2016. The size of each experimental plot was difference wide and 3 m long, having 4 m rows. Before planting, 50 kg of nitrogen fertiliser per hectare was supplied. There was no incidence of either pest or yellow garlic rust on the crop throughout the growth period of trials, except for the weeds that were controlled manually by handpicking and hand hoeing. Bulbs were harvested when the leaves became yellow in colour and had started wilting.
Data collection
Plant height (cm): Data on plant height (cm) were calculated with the help of ruler and plant height was measured from the soil surface to the top of the plant and average was worked out.
Bulb weight (g): Bulb fresh weight was measured after harvesting with the help of electric balance.
Bulb diameter, bulb length and clove diameter (cm): Bulb diameter, bulb length and clove diameter (cm) were measured after harvesting with a digital Koulis (GuangLu model).
Clove number: Number of cloves per bulb was determined by counting the cloves per bulb, in selected samples.
Average yield (kg): Average yield was determined by weighing the collected bulbs from each plot and yield per hectare were calculated.
Chemical parameters: phenol traits Methanol extracts of sample (1 g sample in 10 cc methanol) were used for determination of total phenol. Total phenol content was evaluated by colorimetric analyses using Folin-Ciocaltaue phenol reagent (Singleton and Rossi, 1965) . The total phenol content was expressed as mg galic acid equivalent/100 g of sample. The free radical-scavenging activity against DPPH radical was evaluated with the methods of Larrauri et al. (1998) with minor modification. In the presence of an antioxidant, the purple colour intensity of DPPH solution decays and the change of absorbance are followed spectrophotometrically at 517 nm.
Statistical analysis
The data were subjected to the analysis of variance (ANOVA) using SAS version 9.2 and the mean separation was performed through the least significant difference test (LSD) at 5% and 1% probability level.
Results and discussion
The results showed that there were significant differences between planting spaces and effects on fresh bulb yield, mean bulb weight, clove weight, clove number and plant height ( Table 2) . As it is shown in Table 2 , significant interactions were observed between fresh bulb yield, bulb weight, clove number and plant height parameters.
Fresh bulb yield
According to the data in Figure 1 , the highest fresh bulb yield was obtained from cultivar Hamedan cultivar (19,014 kg ha -1 ) and the lowest from cultivar Tarom cultivar (7572 kg ha -1 ). The maximum and minimum fresh bulb yield were observed in 12.5×12.5 cm (19,014 kg ha -1 ) and 27.5×27.5 cm (19,014 kg ha -1 ), respectively. The highest fresh bulb yield (19,014 kg ha -1 ) was recorded in Hamedan with planting spacing 12.5×12.5 cm, while the lowest (7,572 kg ha -1 ) was recorded in Tarom with planting spacing 27.5×27.5 cm. Total bulb yield of cultivar Hamedan increased from 12.5×12.5 cm to 27.5×27.5 (Figure 1) . Olfati et al. (2016) also reported that the highest plant density corresponding to 15 cm between row, compared to 25 and 35 cm led to the highest total yield and the lowest bulb diameter and bulb weight. Other studies carried out on plant density showed: its direct ns, * and ** non-significant difference, significant difference at 0.05 and 0.01 probability levels, respectively. influence on yield (Castellanos et al., 2004) . The increasing density resulted in significant yield increase, despite the decrease in many traits such as bulb weight, bulb diameter, number clove (Sedaghati, 2016) . Similarly, Kilgori et al. (2007) reported that increasing plant spacing from 5 to 10 cm increased fresh bulb yield to 10,534 kg ha -1 , but a further increase to 20 cm resulted in a significant decline in the yield. Previous investigations showed that plant density increase results in higher yield up to a threshold depending on species as well as on crop system and growing season affecting light conditions (Caruso et al., 2013; Morano et al., 2017) .
Bulb weight
Varying planting spacing significantly affected bulb weight and increasing planting density significantly decreases bulb weight; therefore, planting spacing 12.5×12.5 cm caused lower bulb weight (Figure 2) . Darabi et al. (2010) reported that the highest bulb yield and the lowest mean weight of bulb and clove were produced by 714 plant m -2 (density of 20×7 cm). This might be due to competition for growing indeed the bulb size may also be reduced under high plant density. Similar findings were reported by Hussen et al. (2014) .
Clove number
The number of cloves per bulb influenced by treatments is shown in Figure 3 . Decrease of planting density (27.5×27.5 cm) increased number of cloves per bulb and cultivar Hamedan showed the highest clove number (Figure 3) . Doro (2012) also reported that decrease of density significantly increases the cloves number per bulb as a result of increase of intra-row spacing from 5 to 20 cm.
Plant height
As shown in Figure 4 , using the planting spacing of 12.5×12.5 cm led to increase in plant height and cultivar Tarom had taller plants than Hamedan. Sedaghati et al. (2016) reported that increasing density enhanced plant height, due to increased light competition between plants.
Data presented in Table 3 suggest that plant spacing significantly affected garlic yield components such as bulb diameter, bulb length, clove diameter, skin number and length stem. No significant interactions were recorded and, moreover, the effects of plant spacing on mean skin number were not significant (Table 3) .
Garlic grown under the 27.5×27.5 cm spacing had increased bulb diameter, bulb length and clove diameter per bulb due to the vast space available for growth. Also at high density (12.5×12.5 cm) the stem length increased due to the high plant competition that (Table 4) . Therefore, reducing the plant spacing increased the plant height of garlic but reduced single-plant parameters like weight bulb, bulb diameter and bulb length. Khajehpour (1993) Article ns, * and ** non-significant difference, significant difference at 0.05 and 0.01 probability levels, respectively. reported that at higher densities the increased plant competition for light resulted in plant height enhancement, consistently with our results. The results reported in Table 5 suggest that cultivar Hamedan has higher values of bulb diameter, bulb length and clove diameter, but Tarom has more remarkable clove weight and stem length (Table 5) .
Chemical analysis
The chemical analysis results investigated are shown in Table  6 .The results showed that there were significant differences interaction between planting spacing and cultivar effects on total phenol and antioxidant activity.
The highest total phenol of Hamedan cultivar was obtained from 27.5×27.5 cm (12.30 mg/g DW) while the lowest total phenol was obtained from 12.5×12.5 cm (7.94 mg/g DW) Tarom cultivar ( Figure 5 ). The highest antioxidant capacity for two cultivar were obtained from 27.5×27.5 cm, but the highest antioxidant capacity except Hamedan that it was related to 27.5×27.5 cm planting spacing (96.85% DPPH reduction) and the lowest antioxidant capacity (75.91% DPPH) of Tarom cultivar was obtained from planting spacing 12.5×12.5 cm (Figure 6 ). More bulb size obtained from wider spacing (27.5×27.5 cm) may be due to vigorous plant, dues bulb store more food for vegetative as well as reproductive growth and quality of garlic. Light is important source of photosynthesis for crop, wider spaced plant get proper light intensity and nutrient (Kahsay et al., 2014; Muneer et al., 2017) .
Correlation analysis
The correlation coefficient of the studied traits under different planting spacing and cultivar are presented in Table 7 . In general, the purpose of getting the correlation between traits was to determine which attribute is more correlated with yield. The correlation coefficient between bulb yield and bulb weight, bulb diameter, bulb length, clove diameter, clove weight, plant height and stem length were significant and negative.
Correlation analysis (Table 7) showed that the relationship between bulb weight with bulb diameter, bulb length and clove weight was significantly positive: by decreasing plant spacing, bulb weight, bulb diameter, bulb length and clove weight of garlic increases. Tesfaye Gebeyehu (2016) reported that in onion umbel diameter, seed yield and seed weight were negatively correlated with yield.
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Conclusions
We compared and characterised the bulb yield and yield components of two garlic cultivars differing in planting patterns. Our results showed that cultivar Hamedan has higher total bulb yield than cultivar Tarom. Furthermore, the planting spacing 12.5×12.5 cm allowed to reach the maximum fresh bulb yield of garlic. Increasing plant spacing resulted in higher yield components due to better light and nutritional resources available. However, further investigations will be needed to assess garlic bulb yield and related components under additional environmental and farming management factors of bulb yield and yield component and testing will be needed to improve and expand its capability to include additional environmental and agricultural management factors. ns, * and ** non-significant difference, significant difference at 0.05 and 0.01 probability levels, respectively. 
